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The chemokine SDF-1a and its receptor CXCR4b guide germ cell migration in zebrafish by acti-
vating downstream signaling events. Boldajipour et al. (2008) now report that a second SDF-1a 
receptor, CXCR7, is also required for guided migration but does not function as a signaling receptor, 
and instead sequesters SDF-1a. These results highlight the importance of ligand clearance during 
guided cell migration.Guided cell migration is central to pro-
cesses ranging from embryogenesis to 
metastasis. Cells are guided by local-
ized extracellular cues that serve as 
attractants or repellents. For example, 
zebrafish germ cells are guided by the 
chemokine SDF-1a (herein referred to 
as SDF-1) over hundreds of microm-
eters from their place of birth to the 
site of the future gonads. SDF-1 is 
expressed in somatic cells, whereas 
germ cells express the SDF-1 receptor 
CXCR4b (herein referred to as CXCR4). 
It is thought that the CXCR4-express-
ing germ cells are attracted by a local 
source of SDF-1. As the location of 
the SDF-1 source shifts during devel-
opment, germ cells follow the source 
until they reach their final destination 
(Doitsidou et al., 2002; Knaut et al., 
2003; Schier, 2003). In its simplest form, 
this model postulates that the spatially 
and temporally regulated expression of 
SDF-1 mRNA generates local sources of 
SDF-1 protein that activate intracellular signaling events in CXCR4-expressing 
germ cells. Boldajipour et al. (2008) now 
provide evidence that the regulation of 
germ cell migration is more complex 
than anticipated. They find that SDF-1 
sequestration by CXCR7—a second, 
recently described SDF-1 receptor—is 
also essential for germ cell guidance.
Intrigued by the discovery that 
CXCR7 is a receptor for SDF-1 (Bala-
banian et al., 2005; Burns et al., 2006), 
the authors characterized the role of 
CXCR7 during germ cell migration in 
zebrafish. Upon reduction of CXCR7 
translation by morpholino antisense 
oligonucleotides, germ cells were scat-
tered throughout the embryo instead of 
clustering at the site where the gonad 
develops. This phenotype resembled 
the germ cell guidance defect in CXCR4 
mutants; however, in contrast to CXCR4, 
CXCR7 expression was not enriched in 
migrating germ cells but present at low 
levels throughout the early embryo. 
This expression pattern suggested Cell 13that CXCR7—contrary to CXCR4—
might not be required in germ cells for 
proper migration. Indeed, germ cells 
with reduced CXCR7 activity migrated 
normally when transplanted into wild-
type embryos, whereas wild-type germ 
cells were misguided in embryos with 
reduced CXCR7 activity. Hence, CXCR7 
is mainly required in somatic tissues 
surrounding the germ cells.
How does the activity of CXCR7 in 
somatic cells affect migration of neigh-
boring germ cells? There are two simple 
models. First, CXCR7 signaling might 
generate a secondary signal that influ-
ences germ cell migration. For exam-
ple, in response to CXCR7 signaling, 
somatic cells might produce adhesion 
molecules that influence the interac-
tion of germ cells with their substrate. 
Alternatively, CXCR7 might not signal 
but directly alter SDF-1 activity. For 
example, CXCR7 might remove SDF-1 
from the extracellular space. Consis-
tent with previous studies (Burns et al., 2, February 8, 2008 ©2008 Elsevier Inc. 337
figure 1. sDf-1a clearance and Germ cell Migration
(A–F) Model for germ cell (A to C) and posterior lateral line primordium (D to F) migration. Germ cells 
express  cxcr4b (red) and are surrounded by cxcr7-expressing somatic cells (green) (A). They are at-
tracted by SDF-1a (blue) and follow its shifting expression domain (indicated by line with two arrowheads 
in B). Reduction of CXCR7 levels leads to reduced clearance and, thus, higher levels of SDF-1a protein, 
impairing proper germ cell guidance (C). The primordium expresses cxcr7 in its rear (green) and cxcr4b 
in its leading cells (red) (D) and migrates along a stripe of SDF-1a-expressing cells (blue) (E). Reduced 
CXCR7 signaling in the rear impairs migration of the primordium (F). For clarity, cxcr7 expression is only 
indicated in panels (A) and (D).2006; Sierro et al., 2007), the authors 
found no evidence for a role of CXCR7 
as a signaling receptor. For instance, no 
CXCR7-dependent activation of signal-
ing pathways downstream of chemokine 
receptors was observed during germ 
cell migration. In contrast, several lines 
of evidence suggested that CXCR7 
sequesters and clears SDF-1. First, 
green fluorescent protein (GFP)-tagged 
SDF-1 colocalized with CXCR7 and 
was internalized by cells overexpress-
ing CXCR7. Second, reduced CXCR7 
activity increased the SDF-1-induced 
internalization of GFP-tagged CXCR4. 
This effect was reversed by lowering 
the activity of SDF-1. Third, inhibition 
of CXCR7 activity reduced germ cell 
motility, a phenotype also observed in 
embryos with elevated levels of SDF-1. 
Germ cell motility was restored by 
reducing the activity of SDF-1. Fourth, 
SDF-1-conditioned medium preincu-
bated with CXCR7-expressing cells 
reduced CXCR4 internalization in 
human embryonic kidney (HEK) cells. 
Fifth, migrating germ cells avoided a 
field of cells overexpressing CXCR7, 
presumably due to the sequestration of 
SDF-1 by ectopic CXCR7. These obser-
vations indicate that CXCR7 is required 
for proper germ cell migration by reduc-
ing the levels of SDF-1 in the environ-338 Cell 132, February 8, 2008 ©2008 Elsevment. Thus, directed migration does 
not only depend on the local generation 
of SDF-1 mRNA and protein but also 
on the clearance of SDF-1 protein in 
somatic tissues.
Why does SDF-1 need to be cleared? 
The lack of suitable antibodies has pre-
cluded the analysis of SDF-1 expres-
sion, but the results suggest a model 
wherein CXCR7 sharpens the expres-
sion domain of SDF-1 protein (Figure 1). 
Initially, regulated expression of SDF-1 
mRNA creates a restricted expression 
domain for SDF-1 protein. Because 
SDF-1 is secreted and diffusible, CXCR7-
mediated clearance would ensure that 
SDF-1 protein does not spread too far 
from the source. Analogously, as the 
SDF-1 source shifts to attract germ 
cells to new regions, CXCR7 would 
clear SDF-1 protein from areas that are 
no longer needed as sources of attrac-
tant. In the absence of CXCR7, SDF-1 
protein would spread further and be 
maintained for longer, resulting in the 
aberrant guidance of germ cells.
Although the findings of Boldaji-
pour et al. (2008) suggest that CXCR7 
is a clearance receptor, recent studies 
suggest that CXCR7 might have addi-
tional functions. For example, CXCR7 
might function as a signaling receptor 
during the formation of the zebrafish ier Inc.lateral line, a mechanosensory sys-
tem designed to perceive water cur-
rents (Ghysen and Dambly-Chaudière, 
2007). The lateral line develops from a 
primordium that migrates from anterior 
to posterior and deposits small groups 
of sensory structures along the body. 
SDF-1 is expressed in a stripe along the 
body and serves as the guidance cue 
in this system. CXCR4 and CXCR7 are 
expressed and required in the leading 
and rear cells of the primordium, respec-
tively. Loss of both receptors resembles 
mutants lacking SDF-1, suggesting 
that CXCR4 and CXCR7 act indepen-
dently as signaling receptors (Valentin 
et al., 2007). However, the restricted 
expression of CXCR7 in rear cells is 
also consistent with a potential role in 
SDF1 clearance (Figure 1) (Ghysen and 
Dambly-Chaudière, 2007). Chemokine 
sequestration at the rear might gener-
ate a gradient across the primordium 
that would be sensed by the leading 
CXCR4-expressing cells. Other studies 
have indicated that CXCR7 might act as 
a coreceptor with CXCR4. For instance, 
CXCR7 loss-of-function studies in mice 
suggest that CXCR7 functions together 
with CXCR4 during heart-valve forma-
tion (Sierro et al., 2007). Further stud-
ies are needed to determine if CXCR7 
functions predominantly in ligand clear-
ance or whether it has additional roles 
in signaling.
More generally, the removal or inac-
tivation of regulatory factors has been 
recognized as an essential aspect of 
many developmental processes. Promi-
nent examples include proteolysis in 
shaping morphogen gradients (Lander, 
2007) and driving cell-cycle progression 
(King et al., 1996) and mRNA degrada-
tion to sharpen developmental transi-
tions (Schier, 2007). The sharpening of 
SDF-1 expression by CXCR7 now high-
lights the importance of ligand clear-
ance during cell migration.
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described as a permanent state of pro-
liferative arrest occurring in cells after 
extended culture in vitro (Hayflick, 1965). 
Whereas replicative senescence is trig-
gered by telomere erosion, several other 
stress-inducing factors initiate a simi-
lar process, which occurs more rapidly 
than replicative senescence and without 
extensive cell division. This process, gen-
erally referred to as “cellular senescence,” 
acts as a program to limit the proliferative 
capacity of damaged cells. Stimuli that 
induce cellular senescence include DNA 
damage, oxidative stress, chemothera-
peutic drugs, and expression of certain 
activated oncogenes. Wajapeyee et al. 
(2008) now report that a secreted fac-
tor, insulin growth factor binding protein 
7 (IGFBP7), induces cellular senescence 
in melanocytes that contain activating 
mutations in the BRAF oncogene.
The first oncogene shown to trigger 
senescence was a tumor-derived allele 
of H-RAS (Serrano et al., 1997). At that 
time, the transforming activity of RAS 
in immortalized rodent cells was well 
established, and its ability to induce 
secreting Tumo
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senescence in primary cells explained 
why these cells could not be transformed 
by RAS alone but required additional 
“immortalizing” factors, such as loss of 
tumor suppressor genes. Subsequent 
studies revealed that this occurs via sig-
naling through the MAPK cascade, and 
thus activated forms of RAF and MEK 
also produce similar phenotypes. More 
recent reports suggest that RAS-induced 
senescence involves a DNA-damage 
response induced by replication stress 
(Campisi and d’Adda di Fagagna, 2007). 
Thus, senescence may act to counter 
the tumor-promoting effects of hyper-
proliferative mutations and consequently 
is a “built-in” or intrinsic mechanism of 
tumor suppression (Lowe et al., 2004). 
Consistent with this view, execution of 
RAS-induced senescence requires the 
p53 and Rb tumor suppressor pathways 
(Serrano et al., 1997).
Although the physiological relevance 
of oncogene-induced senescence has 
been debated, recent reports indicate 
that this process acts as a potent barrier 
against tumorigenesis (Narita and Lowe, 
2005). As one example, melanocytic nevi 
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(moles) are premalignant lesions that are 
extremely stable and rarely progress, 
despite consisting of melanocytes con-
taining activating mutations in the BRAF 
gene (predominantly V600E, a glutamic 
acid to valine substitution at position 
600). Indeed, nevi contain cells showing 
hallmarks of senescence, and expression 
of BRAFV600E in cultured fibroblasts or 
melanocytes induces senescence. Mela-
nomas appear to acquire alterations that 
enable them to evade senescence. Con-
sequently, the senescence response halts 
the growth of benign neoplasms, thereby 
limiting their malignant progression.
In this issue, Wajapeyee et al. iden-
tify one mechanism by which onco-
genic BRAF triggers cellular senes-
cence in melanocytes. They conducted 
a genome-wide RNA interference (RNAi) 
screen to identify genes that are required 
for BRAFV600E to inhibit proliferation 
of human diploid fibroblasts and pri-
mary melanocytes. This screen led to 
the identification of a secreted protein, 
IGFBP7, that is required for the process. 
Expression of BRAFV600E in melano-
cytes induces synthesis and secretion 
 cells and thereby acts as an 
ee et al. (2008) identify insulin 
 mediates senescence induced 
triggers apoptosis in cells that 
lanoma treatment.
